Energetics of ribonuclease A catalysis. 3. Temperature dependence of the hydrolysis of cytidine cyclic 2',3'-phosphate.
Studies of the temperature dependence of the steady-state kinetics of the ribonuclease A catalyzed hydrolysis of cytidine cyclic 2',3'-phosphate at pH 5.0 are reported. Contributions to the temperature dependence of the apparent Michaelis-Menten parameters from temperature-sensitive protonic equilibria (primarily the coupled protonation/deprotonation of the active-site histidine residues) were included in our analysis. The data were interpreted by employing a transition-state approach. By comparing the temperature dependence of the rate constant for the nonenzymatic hydrolysis of the substrate with the temperature dependence of the enzyme-catalyzed reaction, we obtained values for the enthalpy change, entropy change, and heat capacity change for the interaction of the reaction transition state with the enzyme. These thermodynamic quantities were then interpreted by comparison with corresponding values for the binding of cytidine 2'- and 3'-phosphate to the enzyme. A model is presented for the enzyme-transition-state interaction involving the favorable transfer of a proton from the transition state to a histidine residue at the active site and the formation of hydrogen bonds and van der Waals contacts between the pyrimidine ring of the transition state and the enzyme's binding pocket. These elementary interactions are consistent with the determined values of the enthalpy change and entropy change, as well as earlier reported ionic strength and solvent isotope dependence studies. The Gibbs energy contributions from these elementary interactions have also been estimated, giving a sum approximately equal to the experimentally determined value for the stabilization energy of the enzyme-transition-state complex. The model thus provides an explanation for the magnitude of the approximately 10(10)-fold rate enhancement achieved by this enzyme.